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Introduction
Naturally occurring ocular diseases are uncommon in
the macaque breeding colonies at the Tulane National
Primate Research Center (TNPRC), accounting for
only 0.8% of all clinical cases between 2002 and 2006.
Thirty-two percent of all ocular abnormalities were
secondary to wounding; blepharitis and conjunctivitis
accounted for 29% and 21%, respectively, of the
remaining ocular abnormalities seen. Corneal ulcers
were deﬁnitively diagnosed in only 2.9% of all ocular
cases. The case described in this report was unusual in
the severity of disease. The difﬁculty in reaching a
deﬁnitive diagnosis may be, in part, because of the
presence of an only recently described abnormality in
rhesus macaques, bilateral optic atrophy (BOA). BOA
was ﬁrst described in nine Chinese origin, captive-bred
adult rhesus macaques in 2005 [1].
Case description
On August 15, 2003, a male Indian rhesus macaque
(approximate date of birth April 3, 2003) was
presented, with his dam, to the breeding colony clinic
at the TNPRC for an abnormal right eye (Fig. 1). Ini-
tial ophthalmic examination revealed an approximately
3-mm diameter area of the central cornea of the right
eye distended an estimated 5 mm, over which the ani-
mal was unable to close the palpebrae (Fig. 2). Severe
corneal edema was present with possible hyphema in
the anterior chamber. An attempt was made to visual-
ize the posterior segment of the globe, but it was not
possible with the available equipment and the state of
the eye. There was mild chemosis and moderate ble-
pharitis in the right eye. No scleral injection was noted
in either eye. The animal was not anesthetized for fur-
ther examination or diagnostics because of his young
age. No abnormalities were noted in the left eye and
the remainder of the physical examination was within
normal limits. Tonometry was not performed in either
eye. Penetrating trauma was suspected. Non-steroidal,
triple antibiotic ointment (bacitracin zinc/neomycin
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Abstract
Background A 4.5-month-old male colony-bred Indian rhesus macaque was
presented for presumed trauma to the right eye. The globe was centrally
distended 5 mm, with apparent hyphema and moderate to severe corneal
edema. Surgical enucleation was performed. The initial histopathology
report concluded chronic keratitis. Nearly 3 years later, a diagnosis of
goniodysgenesis was made. The eye was sent to a veterinary ocular pathol-
ogist for deﬁnitive diagnosis.
Conclusions Final conclusions were anterior segment and corneal defects.
Based on the retinal pathology and optic nerve pathology, there was evi-
dence of optic nerve atrophy, a recently described condition in macaques.
Re-use of this article is permitted in accordance with the Creative
Commons Deed, Attribution 2.5, which does not permit
commercial exploitation.
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the affected eye and the animal was given non-steroi-
dal anti-inﬂammatory drugs (carprofen, 4.5 mg/kg IM
twice daily) for pain.
Enucleation surgery was performed on the affected
right eye three days after presentation on August 18,
2003. The infant was removed from his dam at
7:00 am and placed in an infant cage with a heating
pad and ﬂeece surrogate until surgery. The infant was
almost exclusively nursing and additional fasting time
was neither necessary nor desirable. He was anesthe-
tized with a mixture of ketamine HCl (10 mg/kg IM)
and glycopyrrolate (0.01 mg/kg IM) and an endotra-
cheal tube was placed. Anesthesia was maintained
with Isoﬂurane at 1.5% in oxygen. Buprenorphine
(0.009 mg/kg IM) was given at the time of surgery and
approximately 8 hours post-surgery for analgesia.
The animal was placed in dorsal recumbency and
the area around the right eye was clipped and
aseptically prepped with dilute iodine solution. The
conjunctiva was incised with scissors and dissected
from the sclera periorbitally. The globe was freed from
orbital muscles and other intraorbital tissue with
metzenbaum scissors. The optic nerve and vessels were
severed with scissors and the entire globe removed.
Hemorrhage was minimal and was controlled with
direct pressure. The lacrimal gland was removed.
A periorbital incision was made approximately 3 mm
from the palpebral edges and palpebrae excised. Sub-
cutaneous tissues were closed with 3/0 polyglactin 910
(Vicryl, Ethicon) suture in a simple continuous pattern.
Skin was then closed with 4/0 nylon (Ethilon, Ethicon)
suture in a simple interrupted pattern. The globe was
placed in formalin and submitted to the TNPRC
Department of Pathology for histopathologic examina-
tion. The animal recovered uneventfully and was
discharged from the clinic with his dam 8/29/03.
Histopathology
The initial histopathologic diagnosis was chronic
keratitis. Review of one slide 3 years after the enucle-
ation surgery by a veterinarian trained in ophthalmology
led to re-evaluation of the case. After a brief evaluation,
the veterinarian suspected goniodysgenesis, a condition
not described in the literature for rhesus macaques to
the best of our knowledge. The parafﬁn blocks contain-
ing the enucleated globe were then sent to the Compara-
tive Ophthalmic Pathology Laboratory of Wisconsin
(COPLOW) for further evaluation.
Final histopathologic diagnoses included: corneal
hyperkeratosis; broad anterior synechia; axial corneal
outpouching with loss of posterior corneal stroma, sug-
gesting a full thickness corneal defect in the neonatal or
immediate prenatal period; cataract and possible glau-
coma, but there was no evidence of goniodysgenesis in
the sections reviewed (Figs 3 and 4). Based on the his-
tologic appearance of the macular retina, and an off
center section of the optic nerve, optic nerve atrophy
was diagnosed. Optic atrophy was recognized by a
greatly reduced number of ganglion cells in the foveal
area of the retina, a typical lesion in BOA, and by
temporal atrophy of the optic nerve (Figs 5 and 6).
Discussion
Bilateral optic atrophy is a recently reported condition
in rhesus macaques and has been recognized but not
reported in cynomolgous macaques also. Histologi-
cally, temporal optic nerve axonal loss with minimal
gliosis is seen in the optic nerve. There is a variable
reduction of ganglion cells conﬁned to the macular
Fig. 1 Frontal view, EH86 at presentation.
Fig. 2 Dorsal view, EH86 at presentation.
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nerve ﬁber layer adjacent to and extending into the
optic nerve head [1]. No behavioral abnormalities
were noted in the nine affected animals described.
Fundoscopy was used to detect changes associated
with atrophy of the optic disk. A ﬂash visual evoked
potential demonstrated a decreased amplitude in
severely affected animals and a pattern electroretino-
gram demonstrated changes consistent with ganglion
cell loss. There is concern that BOA could have an
effect on ophthalmic and visual studies using rhesus
macaques. BOA is also a possible non-human
primate model of one or several forms of optic
atrophy in people. The 2005 paper introducing this
interesting disease postulated that the disease has
environmental causes or could be inherited in
macaques. None of the animals had a history of
toxic exposure. Because all nine affected monkeys
examined in their study were captive-bred monkeys
imported from China, they posited that the disease
could be conﬁned to a small population of Chinese
origin rhesus macaques. The case presented here
could be evidence that BOA is not only conﬁned to
this speciﬁc group of animals, but also may occur in
Indian origin rhesus macaques bred in captivity in
the United States.
Regrettably, we were unable to examine the contra-
lateral eye in the animal described in this case report.
In September of 2004, he was discovered deceased of
unknown causes and the left globe was not recovered.
Relatives of this animal still living at the TNPRC will,
however, have both globes ﬁxed and examined histo-
logically after death to determine whether his remain-
ing kin share any abnormal ophthalmologic conditions
such as BOA or glaucoma.
Bilateral optic atrophy is a recently described condi-
tion in rhesus macaques that may have signiﬁcant Fig. 5 Fovea exhibiting lack of ganglion cells (OA).
Fig. 3 Lens, cornea, and anterior chamber.
Fig. 6 Optic nerve, temporal, and nasal aspects for comparison.
Fig. 4 Hyperkeratosis, broad anterior synechia.
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for the condition prior to enrollment in visual or oph-
thalmic studies. With further study and characteriza-
tion, this condition could be a monkey model of one
or several forms of optic atrophy in humans. In addi-
tion to describing optic atrophy in an Indian rhesus
macaque, this case report serves to remind clinicians to
consult specialists when presented with very rare or
unusual conditions or diseases. Without the efforts of
experts in ophthalmic histopathology at COPLOW,
the very interesting diagnosis of optic atrophy would
not have been made and a goniodysgenesis screening
program might have been prematurely implemented
for the Tulane National Primate Research Center
rhesus breeding colonies.
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